ABSTRACT Objective: The subjective experience of loss of control (LOC) during eating, independent of overeating, may be a salient marker of disordered eating and risk for overweight in youth. However, few studies have directly tested this notion in an adequately powered sample.
Introduction
Binge eating, defined as overeating an objectively large amount of food while experiencing a lack of control over what or how much is being eaten, is the core symptom of bulimia nervosa and binge eating disorder (BED). 1 Although few children and adolescents meet full DSM-IV-R criteria for bulimia nervosa or the proposed research criteria for BED, the prevalence of binge eating behavior among school and community samples of children and adolescents is high, with estimates ranging from approximately 6% to 40%. [2] [3] [4] [5] [6] [7] The assessment of binge eating behavior in youth is complicated by difficulty in determining what constitutes an objectively large amount of food in developing children with varying nutritional needs. Thus, a number of research groups have opted to study the experience of loss of control (LOC) over what or how much is being eaten, regardless of the reported episode size. Objective binge eating (OBE) refers to episodes during which individuals report LOC while consuming an objectively, unambiguously large amount of food. Subjective binge eating (SBE) refers to episodes during which individuals perceive excessive consumption with LOC, but the amount consumed is not objectively large. 8 Estimates of LOC eating among nontreatment seeking youth are substantial, ranging from approximately 4% to 33%. [9] [10] [11] [12] [13] [14] [15] The experience of LOC itself, apart from the reported amount of food consumed, appears to be a salient marker of pediatric disordered eating.
Studies examining children and adolescents' LOC eating have found that youth who report the presence of at least one episode of SBE or OBE in the month before assessment have greater disordered eating cognitions and behaviors as well as greater depressive and anxiety symptoms than those who report no such episodes. 10, 11, 14 Pediatric LOC eating also may be a risk factor for excessive weight gain. Children with LOC are more likely to be overweight and to have greater body fat mass than their counterparts without LOC eating. 10, 11, 14, 16 Among 6-to 13-year-old children, those who report at least one episode of LOC in the month before assessment have been found to gain an additional 2.4 kg of weight per year over 4-5 years than children who do not report LOC. 17 Laboratory observations of children and adolescents' food intake suggest that those with LOC may be susceptible to greater weight gain in part because they consume more energy-dense palatable foods such as desserts and snacks. 18 Despite the available evidence supporting the salience of LOC for pediatric binge eating episodes, it is not yet well understood whether the reported size of LOC eating episodes (i.e., SBE versus OBE) is relevant for distinguishing the degree of disordered eating pathology, associated general psychopathology, and risk for higher body fat among youth. Based on current DSM-IV-TR criteria for a binge eating episode, 1 it is often an assumption that those who report OBE have more psychopathology than those who only report SBE. However, a number of adult studies suggest that LOC, rather than the episode size distinction, may be most central to identifying psychological disturbance among adults with eating disorders or obesity. [19] [20] [21] [22] [23] Nevertheless, among youth, weight-loss treatmentseeking, obese adolescents who meet full symptom criteria for BED have greater disordered eating attitudes, more negative mood, and higher anxiety than youth reporting subthreshold OBE or SBE. 24 To our knowledge, only one pediatric study 13 has directly compared the associations of SBE and OBE with psychopathology and disordered eating attitudes among children and adolescents. In an obese, treatmentseeking sample, a small subset of youth with SBE (n 5 15) had eating concern, shape concern, and emotional and external eating scores intermediate between those of youth with OBE (n 5 20) and those with no LOC eating (n 5 161). 13 Youth with SBE differed significantly from those with OBE or from those reporting no LOC eating only in their frequency of emotional eating. 13 Further investigation into whether episode size matters for pediatric LOC eating episodes is thus needed.
To our knowledge, no study has directly compared SBE and OBE and their correlates in a nontreatment-seeking sample of children of adolescents that is adequately powered to detect significant differences. Such a comparison is especially warranted. In non-treatment-seeking pediatric populations, youth who report LOC typically report only one recent episode (e.g., once in the past month) and also, only one type of episode (i.e., either OBE or SBE). 8 Understanding possible similarities or differences in the psychological and anthropometric characteristics of such youth with OBE versus SBE has potential to inform preventative approaches by possibly identifying those at particular risk for future development of BED or obesity.
The objective of the current study was to compare non-treatment-seeking youth with no reported episodes of overeating (NE), objective overeating without a sense of LOC (OO), SBE, and OBE in their body composition, disordered eating attitudes and behaviors, and general psychopathology. Based on the notion that LOC may be the most salient marker of aberrant eating episodes in youth, we hypothesized that youth with either type of LOC eating (SBE or OBE) would have greater body fat, disordered eating, and general psychopathology than youth with NE or OO. Further, we expected that youth with SBE or OBE would have similar scores on measures of body composition, disordered eating, and general psychopathology.
Method

Participants
Children and adolescents (6-17 years) who were participating in nonintervention metabolic and eating study protocols (ClinicalTrials.gov IDs: NCT00320177, NCT00001522, NCT00631644) were included. Psychological and body composition data from 26% of the total sample have been published in prior studies; 14, 15, 25 the majority (74%) has not been the subject of previous publication. Participants were recruited through posted flyers, mailings to parents in the Montgomery County and Prince George's County, MD school districts, and mailings to local family physicians and pediatricians requesting children willing to participate in studies investigating hormones, growth, and eating patterns in youth. Individuals were excluded, if they had a significant medical condition, abnormal hepatic, renal, or thyroid function, were taking medication known to impact body weight, or had a psychiatric disorder that might impede protocol compliance. Either pregnant girls or children, who had lost more than 5% of their body weight in the 3 months before assessment or who were undergoing weight loss treatment were not eligible for the study. The
Eunice Kennedy Shriver National Institute of Child Health and Human Development institutional review board approved all clinical protocols. Children and their parents' written informed assent and consent for participation were obtained.
Procedure and Assessment
Participants were seen at the National Institutes of Health Warrant Grant Magnuson Clinical Center (Bethesda, MD) following an overnight fast. All youth underwent a medical history, and a physical examination was conducted by a pediatric endocrinologist or a trained pediatric nurse practitioner. Each child subsequently participated in interview and questionnaire measures of disordered eating pathology, symptoms of general psychopathology, and body composition. A parent also completed measures of children's eating behavior and internalizing and externalizing problems.
Interview Assessment of LOC Eating
The Eating Disorder Examination version 12OD/C.2 (EDE) 26 or the EDE adapted for children (children age \14 years) 27 was administered by trained interviewers to each participant to determine the presence or absence in the month before assessment of four types of eating episodes. Participants were categorized as: (i) those who reported OBE, if they endorsed at least one episode of unambiguous overeating with a sense of LOC over their eating; (ii) those who reported SBE, if they reported no OBE, but reported at least one episode of perceived overeating with LOC, but the amount was not viewed as objectively large by the interviewer; (iii) those reporting OO, if they reported overeating without LOC and reported no episodes of OBE or SBE; or (iv) those with NE of either overeating or LOC. The EDE has good interrater reliability for all episode types (Spearman correlation coefficients: .70). 24, 28 Tests of the child EDE have demonstrated good inter-rater reliability (Spearman rank correlations from .91 to 1.00) and discriminant validity in eating disorder samples and matched controls ages 8-14 years. 29 Among non-overweight and overweight 6-to 13-year-olds, the child EDE revealed excellent inter-rater reliability with a Cohen's kappa for presence of the different eating episode categories of 1.00 (p \ .001). 14 For the current study, interviewers met weekly to review eating episodes.
The EDE also generates four subscales, restraint, eating concern, shape concern, and weight concern, as well as a global score. These continuous variables were used as measures of children and adolescents' disordered eating attitudes. As described previously, 14 variables generating the subscales are independent of those identifying eating episodes.
Youth Self-Report of Eating Behavior and General Psychopathology
Participants' perceptions of their emotional eating were assessed by their report on the Emotional Eating Scale adapted for use in children and adolescents (EES-C). 15 Children rated their desire to eat in response to emotions on a 5-point Likert scale ranging from 0 5 ''I have no desire to eat'' to 4 5 ''I have a very strong desire to eat.'' The EES-C is comprised of three factor-analytically derived subscales: (i) eating in response to depressive symptoms (EES-C-DEP; 10 items), (ii) eating in response to anger, anxiety, and frustration (EES-C-AAF; 14 items), and (iii) eating in response to feeling unsettled (EES-C-UNS; four items). The EES-C has demonstrated sound convergent and discriminant validity and testretest reliability for assessing emotional eating in youth. 15 Participants reported on their perceived eating in the absence of hunger on the Eating in the Absence of Hunger Questionnaire for Children (EAH-C). 25 The EAH-C consists of 14 total items from which three subscales are factor-analytically derived: (i) negative affect (six items), (ii) external eating (four items), and (iii) fatigue/boredom (four items). Items were rated on a 5-point Likert scale ranging from 0 5 ''never'' to 4 5 ''always.'' The measure has demonstrated good internal consistency, convergent validity, and temporal stability for all scales. 25 Participants completed the Children's Depression Inventory (CDI), a reliable and well-validated 27-item selfrated measure of depressive symptoms [Kovacs, 1982 (unpublished) ]. The total score was used. They also completed the State-Trait Anxiety Inventory for Children (STAIC) A-Trait Scale (STAI-C), a 20-item self-report measure of trait anxiety that is widely used and psychometrically sound. 30 
Parent Report of Children's Eating Behavior and General Psychopathology
Parents reported on their perceptions of their children's eating in the absence of hunger on a parallel version of the EAH-C for parents (EAH-P). The same factor-analytically derived, internally reliable subscales (negative affect, external eating, and fatigue/boredom) were used. Parents also completed the Child Behavior Checklist for ages 4-18, 31 an empirically derived measure with excellent norms. The Internalizing and Externalizing Scales were examined as measures of children's symptoms of general psychopathology.
Body Composition
Each participant's fasting weight and height was measured using calibrated electronic instruments as described previously. 32 Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in Children's body fat mass (kg) was measured either by dual-energy X-ray absorptiometry (DXA) using Hologic QDR-2000 or Hologic QDR 4500A equipment (Hologic, Waltham, MD) or air displacement plethysmography (Bod Pod; Life Measurement, Concord, CA) as previously described. 14, 32 As recommended, we ensured that measurements of adiposity were equivalent between the two different assessment techniques by adding 2.29 kg to DXA fat mass obtained using the 4500A machine and multiplying girls' Bod Pod fat mass by 1.03. 34, 35 To assess pubertal stage, female breast development was assigned through physical examination by a pediatric endocrinologist or trained pediatric nurse practitioner according to one of the five stages of Tanner. 36, 37 Testicular volume (in cc) for males was measured using an orchidometer. 38 
Data Analytic Plan
Descriptive information was generated on all study variables for each eating episode group (i.e., NE, OO, SBE, and OBE). Analyses of covariance (ANCOVAs) were used to investigate comparisons among the four eating episode groups on the dependent measures of body composition, disordered eating attitudes and behaviors, and general psychopathology. As recommended, 39, 40 twotailed, least squares difference tests were used to followup on a priori, planned comparisons between groups. Age, sex, race, puberty, and fat mass (kg) were included as covariates in analyses examining group differences in disordered eating attitudes and behaviors and general psychopathology. The same covariates, other than fat mass, were accounted for in analyses examining group differences in body composition. Additionally, we adjusted for height (cm) in the analysis of fat mass. Power analyses conducted with nQuery 41 indicated that a sample size of 25 per group was needed to detect significant differences among groups with 80% power. Differences between groups were considered significant when p probability values were \.05. All analyses were performed with SPSS 16.0.
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Results
Descriptive Information
Participants were 176 girls (48%) and 191 boys between the ages of 6 and 17 years (M 6 SD, 12.7 6 2.8 years). Sample demographics are presented in Table 1 . Based on participants' responses to the EDE, none met diagnostic criteria for anorexia nervosa, bulimia nervosa, or BED. Just over half (57.5%, n 5 211) endorsed NE, 18.5% (n 5 68) reported OO, 11.4% (n 5 42) reported SBE, and 12.5% (n 5 46) reported OBE. Of children reporting OO, the frequency of episodes in the past month ranged from 1-22, with the majority (68.4%) reporting one OO episode. Of those reporting SBE, the frequency of episodes ranged from 1 to 15, with just over half (54.1%) reporting one SBE episode in the past month. The frequency of OBE episodes ranged from 1 to 28, with the vast majority (71.7%) reporting one episode in the past month. A minority of the total sample reported more than one episode type: 4.3% (n 5 16) reported both 1 SBE and 1 OBE, 1.6% (n 5 6) reported 1 OBE and 1 OO, and 0.8% (n 5 3) reported 1 SBE and 1 OO. Youth were categorized as those reporting OBE regardless of whether they reported another type of episode, and they were categorized as those reporting SBE regardless of whether or not they also reported an OO episode. Comparison of the subset with both 1 SBE and 1 OBE to those with SBE only or OBE only revealed no significant differences among groups on any measure. Eating episode group showed a significant relationship with sex (v 2 5 9.76, p 5 .02) such that a greater percentage of girls than boys comprised the SBE (61.9%) and OBE (60.9%) groups compared to the NE (41.7%) and OO groups (50.0%). Eating episode group was not related to age, race, puberty, or SES (ps [ .20).
Body Composition
When comparing youth endorsing NE, OO, SBE, and OBE, significant, overall differences were observed in both BMI-z (p 5 .008) and fat mass (p 5 .002; Table 1 ). As shown in Figure 1A , both OBE (M 6 SE 5 1.44 6 .17) and SBE (1.42 6 .18) youth had higher BMI-z scores than NE (.94 6 .08) and OO youth (.96 6 .14, ps \ .04), adjusting for covariates. Neither BMI-z scores of OBE and SBE youth differed significantly (p 5 .92) nor did BMI-z scores of NE and OO youth differ (p 5 .90). As Figure 1B depicts, after adjusting for covariates, OBE (27.99 6 2.37) and SBE (23.93 6 2.53) youth had more body fat mass than OO youth (16.17 6 2.06; ps \ .02), and OBE youth had higher fat mass than NE youth (20.94 6 1.15, p 5 .008). There was also a significant difference in fat mass between OO and NE youth (p 5 .045), but SBE and OBE youths' fat mass did not differ (p 5 .24).
Youth Reports of Disordered Eating Attitudes and Behaviors
When EDE global and subscale scores were examined based upon eating episode group, significant, overall group differences were observed on all scales (ps \ .001; Table 2 ). After adjustment for covariates, both SBE and OBE youth had higher global disor-FIGURE 1. A: BMI-z and B: total body fat mass among youth who report neither overeating nor loss of control (NE), overeating without loss of control (OO), subjective binge eating (SBE), and objective binge eating (OBE). Analysis for BMI-z was adjusted for age, sex, race, and puberty; analysis for fat mass was adjusted for these covariates as well as for height. Significant differences (p \ .05) are indicated by different subscripts. Eating episode group also was significantly related to youths' self-reports of eating in the absence of hunger on the EAH-C (ps \ .04; Table 2 ). EAH-C-negative affect scores were higher among both SBE and OBE youth compared to NE or OO youth (ps \ .03), and EAH-C-fatigue/boredom and EAH-C-external eating scores were higher among SBE and OBE youth compared to those with NE (ps \ .03). SBE youth scored higher on EAH-C-fatigue/ boredom than OO youth (p 5 .02). Neither children and adolescents with SBE and OBE differed significantly (ps [ .16) nor did youth with NE and OO (ps[ . 34) differ significantly, on any EAH-C scale.
With regard to emotional eating, the eating episode groups also differed significantly (ps \ .04; Table 2 ). EES-C-DEP and EES-C-AAF scores were higher among both SBE and OBE youth compared to NE and OO youth (ps \ .03; Table 2 ). There were no significant differences between SBE and OBE youth (ps [ .47) nor between NE and OO youth (ps [ .77). On the EES-C-UNS scale, the only significant difference was that children and adolescents reporting OBE scored higher than those reporting NE (p 5 .01).
Youth Reports of Symptoms of General Psychopathology
When youths' self-reported depressive and anxiety symptoms were examined by eating episode group, significant, overall differences were observed on both measures (ps \ .001; Table 2 ). SBE and OBE youth self-reported higher depressive (ps \ .05; Fig. 2B ) and anxiety (ps \ .05) symptoms than their counterparts with NE and OO. Neither SBE and OBE youth differed significantly (ps [ .37) nor did those with NE and OO differ on depressive or anxiety symptoms (ps [ .51).
Parent Reports of Child Eating Attitudes
Parent-reported eating in the absence of hunger scales were overall, significantly different among eating episode groups (ps \ .001; Table 3 ). After accounting for covariates, parents of OO, SBE, and OBE youth reported higher EAH-P-negative affect (p 5 .009) and EAH-P-fatigue/boredom (p 5 .025) than parents of NE youth. EAH-P-external eating scores were highest among OO youth. Parents of OO youth (p \ .001) and SBE youth (p 5 .006) reported greater EAH-P-external eating scores compared to parents of youth with NE. Also, parents of OO youth reported higher EAH-P-external eating scores than parents of OBE youth (p 5 .028).
Parent Reports of Child Internalizing and Externalizing Symptoms
Examining parents' reports of general psychopathology among children endorsing NE, OO, SBE, and OBE, significant, overall differences were observed on internalizing symptoms (p 5 .03), but FIGURE 2. A: Eating Disorder Examination (EDE) global disordered eating attitudes and B: Children's Depression Inventory (CDI) depressive symptoms among youth who report neither overeating nor loss of control (NE), overeating without loss of control (OO), subjective binge eating (SBE), and objective binge eating (OBE). Analyses were adjusted for age, sex, race, puberty, and fat mass. Significant differences (p \ .05) are indicated by different subscripts.
not on externalizing symptoms (p 5 .08; Table 3 ). Adjusting for covariates, parents of both overeating groups, regardless of LOC experiences (i.e, OO and OBE youth) reported greater child internalizing symptoms than parents of NE youth (ps \ .03). No other significant differences were observed with regard to internalizing symptoms.
Post-Hoc Exploratory Analyses
We conducted a series of exploratory follow-up analyses to examine whether age or sex moderated the associations between eating episode group and body composition, disordered eating attitudes and behaviors, or general psychopathology by adding these interactions terms to each model. The observed effects were remarkably consistent across age levels, with 19 out of 20 tests insignificant for an age by eating episode group interaction. Similarly, the observed effects were highly consistent across sex, with 18 out of 20 tests insignificant for a sex by eating episode group interaction.
Also, given the low frequency criterion (1 episode in the past month) for assignment to OO, SBE, and OBE categories, we conducted a series of follow-up analyses to explore whether the observed patterns persisted at higher frequencies (2 episodes in the past month). Using the same ANCOVA models, we compared body composition, disordered eating, and general psychopathology among youth with NE (n 5 199), 2 OBE episodes (n 5 18), 2 SBE episodes (n 5 23), or 2 OO (n 5 18) episodes. Although these analyses were underpowered, the results were almost identical to the primary analyses across all domains.
Discussion
It has been theorized that LOC is a more salient marker of pediatric binge eating episodes than the reported amount of food consumed during such episodes. 8 Yet, direct tests of this notion are scant. In this study, we compared a sizeable, adequately powered sample of children and adolescents who were categorized by eating episode size and whether or not LOC was reported. Consistent with our hypotheses, youth with both types of LOC eating exhibited greater disordered eating attitudes and behaviors than youth reporting OO or NE. It is especially notable that relative to children and adolescents with NE or OO, those who reported either SBE or OBE displayed heightened levels of body shape and weight concerns, which have been shown to be prospective risk factors for the development of partial or full syndrome eating disorders. 44, 45 Compared to their peers with NE or OO, youth who reported either SBE or OBE reported greater emotional eating in response to depressive symptoms and feelings of anger/anxiety/frustration, more frequent eating in the absence of hunger in response to negative affect, and higher depressive and anxiety symptoms. Such associations are congruent with prior data illustrating relationships between pediatric LOC eating and emotional eating, eating in the absence of hunger, and general psychopathology. 10, 11, 15, 25 These observed patterns are consistent with affective theories of binge eating, which propose that LOC may occur as a consequence of attempts to alleviate temporary or chronic negative affect. 46 Indeed, negative affect has been shown to predict increases in bulimic symptoms, including OBE, in children and adolescents. 2, [47] [48] [49] Although results from the present study are cross-sectional and cannot be construed to imply causation, our data suggest that future studies should examine the effects of negative affect on LOC, SBE and/or OBE, longitudinally.
The current findings clearly delineate that, in a non-treatment-seeking sample of youth, the subjective experience of low-frequency LOC, regardless of the reported amount of food consumed, is consistently tied to greater negative affective experien- ces and reports of eating in response to such emotional distress. The presence of LOC, regardless of the reported size of food intake, may be a particularly important indicator of risk for disordered eating attitudes and behaviors and general psychopathology in youth for several reasons. Foremost, children often do not have the same kind of independent access to food as adults, which may put a ceiling on the amount of food they would otherwise consume during an episode of LOC eating. 8 Another consideration is that youth, especially those who are overweight, tend to underreport their food intake. 50 As classification of SBE versus OBE often relies on children's self-reports, it is possible that youth who report consuming an amount of food that is ambiguously large may actually be eating a larger amount of food that would constitute an OBE. Indeed, this explanation is supported by our findings that youth who reported SBE or OBE had similar body composition to each other and greater BMI-z scores and adiposity than youth who reported either OO or NE. Additionally, binge eating behaviors in youth can be difficult to assess because it can be challenging to determine what constitutes an unambiguously large amount of food in developing boys and girls of different ages and pubertal stages. 8 For example, reported consumption of two large hamburgers, a large order of French fries and a large soft drink, might be considered unambiguously large for a prepubertal 8-yearold girl; however, the size classification of the same reported amount of food consumed would be much more ambiguous in a 15-year-old boy in the midst of a growth spurt.
Interestingly, examination of parents' reports revealed a pattern that was somewhat discrepant from youths' self-reports. On comparisons of disordered eating attitudes and behaviors, parents of children with the presence of any type of eating episode (i.e., OO, SBE, or OBE) rated their children higher on eating in the absence of hunger in response to negative affect and fatigue/boredom than parents of youth with NE. Further, OO youth were distinguished by the highest parent-perceived eating in the absence of hunger in response to external cues. In terms of symptoms of general psychopathology, OO and OBE youths' parents reported the greatest internalizing symptoms. Judging from parents' perspectives, it is plausible that children who experience overeating with or without LOC may be at elevated risk for disordered eating and general psychopathology compared to children's whose eating is comparatively normative. Such a possible explanation fits with research suggesting that overweight youth have greater overall disordered eating behaviors and attitudes and parent-reported behavioral problems than nonoverweight youth.
14 Alternatively, it is quite likely that parents may be better observers of objective overconsumption than of their children's internal experiences of LOC. In turn, parents may infer their child's internal experience based on these objective observations. Consistent with this notion are studies finding that parents and youth show little agreement on reports of child eating behavior 51 or psychosocial problems, especially for internalizing symptoms. 52 The current study findings should be considered in light of its limitations. All data were cross-sectional and correlational, thus the causal direction of any relations cannot be established. Prospective examinations of youth with NE, OO, SBE, and OBE and their disordered eating, general psychopathology, and weight outcomes are necessary for truly distinguishing whether LOC itself is the most salient marker of risk for disordered eating and obesity. Also, it is important to note that although measures of psychological symptomatology among youth with LOC were higher relative to the other eating groups in the sample, they did not reach levels that elicit clinical concern. Nonetheless, subclinical levels of disordered eating pathology have been shown to predict future clinically relevant disordered eating. 45, 47 Finally, the current study classified youth based on the presence or absence of 1 episode of OO, SBE, or OBE in the month before assessment. Although this classification scheme is commonly used and may be most appropriate among non-treatment-seeking youth who primarily report only one episode, 16 frequency of SBE or OBE episodes appears to play an important role, at least among weight-loss treatment-seeking obese samples of youth. 13, 24 Regardless, it is noteworthy that the current findings were replicated when we limited analyses to youth with 2 recent eating episodes.
One strength of the current study was the administration of the EDE to a large sample of youth with enough participants who reported SBE or OBE episodes that the study was adequately powered to detect potential differences. A second strength was the comparison of pediatric eating episode types with multiple youth self-reports, parent reports, and objective measurements. Although binge eating behaviors in adults have been extensively studied, the investigation of children's binge eating behaviors is an emerging field. 8 Results from the current study may help to guide the research on pediatric binge eating in non-treatment-seeking samples by demonstrating that the assessment of subjective LOC over eating may be one of the most salient markers of disordered eating and overweight risk in youth.
